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Abstract 
 
This work present results modification AlSi7%Mg alloy with modifier contained Na and B. It modifier was has taken down was with 
components: NaNO3, Na2B4O7 and Mg. The process of metal treatment in casting moulds (Inmold method). The influence of 
modifier in reference to pulp of worked alloy on Brinell hardness and abrasive wear was introduced in graphic mould. The analysis 
modification process of hypo eutectic alloy AlSi7%Mg with compound modifier showed the modifying influence on studied proprieties. 
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1. Introduction 
 
Hypoeutectic silicon-aluminum alloys are widely applied for 
practical purposes due to their superior properties, including low 
density,  a  low  melting  point,  and  high  corrosion  resistance. 
Silumins  exhibit  their  optimal  structural  properties  if  properly 
processed. The original structure of newly-produced hypoeutectic 
Al-Si  alloys,  which  comprises  phase    dendrites  against  an 
acicular-granular  eutectic  mixture  ( + ),  is  unsatisfactory.  The 
mechanical properties of alloys are determined primarily by the 
structure of hard eutectic phase   whose needles and grains form 
natural notches which decrease both the strength and plasticity of 
silumins [1-7]. 
The properties of hypoeutectic Al-Si alloys can be improved 
through processing. In the majority of cases alloys are modified to 
change the form and size of grains, mostly silicon grains, which 
reduces the interphase spacing   of eutectic ( + ). The properties 
of alloys are also affected by dendritic phase  . Silumin eutectic 
is usually modified with Na, Sr and Sb or their compounds. These 
elements  are  introduced  in  low  quantities  to  the  alloy  during 
modification, but they remain active for a long time (in particular 
Sr and Sb) [2, 8-14]. 
An interesting method of Al-Si alloy treatment is the method 
known  as  Inmold.    The  degree  of  ‘assimilation’  of  the 
components added is of primary importance while employing this 
method in alloy treatment.  When the Inmold method is applied, 
individual alloy additions may  undergo dissolution in the alloy 
treated (if their melting point is lower than or the same as the 
temperature of the alloy and the process lasts long enough), enrich 
its composition as solid particles (if their melting point is higher 
than the temperature of the alloy or the process does not last long 
enough), or do both (if the mixture consists of particles whose 
melting  point  is  lower  and  higher  than  the  temperature  of  the 
alloy) [15-17]. 
There is probably a full analogy to all methods of inoculation 
intensification by means of mixing, vibrations, etc.  Observations 
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indicate that the decisive factor is here even distribution of the 
inoculant; its impact seems to be less important.   
 
 
2. Aim of the study, methods and results 
 
In this work was decided to undertake the test of modification 
the hypo-eutectic Al-Si alloy of with chemical elementc: NaNO3, 
Na2B4O7  and  Mg.  Alloy  to  investigations  was  chosen  about 
content 7% silicon. 
The modification in preliminary investigations was conducted on 
silumin  Al-7%SiMg  everyone  from  chosen  of  compounds 
separately. 
These  investigations  on  basis  were  chosen  parts  analysed 
relationships to principal investigations. Everyone from used to 
investigations of compounds caused the modification of structure. 
Its depended mainly on modification of eutectic. 
Founding,  that  studied  proprieties  are  continuous  functions 
considered  variables  and  its  can  be  with  sufficient  exactitude 
represented  in  figure  of  polynomial  in  investigations  planning 
experiences was applied active, applying total factoral experiment 
(2
3) for three independent variables (tab. 1).  The equation (1) was 
introduced  for  received  plan  of  investigations  the  figure  of 
equation of regress. 
 
3 2 1 123 3 2 23
3 1 13 2 1 12 3 3 2 2 1 1 0 ˆ
x x x b x x b
x x b x x b x b x b x b b y
         (1) 
 
The results were analyzed mathematically, which enabled to 
formulate  the  factor  equation  for  three  variables,  for  the 
parameters  studied,  at  the  level  of  significance α  = 0.05.  The 
adequacy of the above mathematical equation was verified using 
the Fischer criterion. 
The  impacts  of  individual  components  are  interrelated.  For 
comparative  purposes,  two  castings  were  produced  (without 
additions), at the beginning and at the end of the study. 
 
Table 1. 
Content of the chemical compounds used for treatment of alloy 
 
Factor 
 
Element 
Levels wt.% change of element 
Primary  Change  Low  High 
0  -  -1  +1 
X1  NaNO3  0.13  0.07  0.06  0.2 
X2  Na2B4O7  0.13  0.07  0.06  0.2 
X3  Mg  0.13  0.07  0.06  0.2 
 
The  quantity  of  components  in  individual  points  of 
investigations plan  was introduced in table 2. 
The presence of liquid metal in the reaction chamber allowed 
to initiate the reduction of elements from the components placed 
there.  The  elements  ‘passing’  into  the  alloy  caused  its 
‘improvement’. Liquid metal flowed from the chamber to mould 
cavities, where the parameters of crystallization were registered.  
After alloy solidification, its samples were taken for mechanical 
tests. 
The Brinell hardness were conducted used bal at diametr 2.5 
mm with load 612.9 N on head test pieces (6 measurements for 
every one, for analysis used arithmetic mean) according to EN-
10003-1, and elongation according PN-EN 10002-1+AC1 at room 
temperature.   
 
Table 2. 
Plane of investigations 
Plan point 
number 
Factor 
x1  x2  x3 
1  0.06  0.06  0.06 
2  0.2  0.06  0.06 
3  0.06  0.2  0.06 
4  0.2  0.2  0.06 
5  0.06  0.06  0.2 
6  0.2  0.06  0.2 
7  0.06  0.2  0.2 
8  0.2  0.2  0.2 
9  0.06  0.2  0.2 
10  0.06  0.2  0.2 
11  0.06  0.2  0.2 
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Fig. 1. Section of the casting mold: 1 – top moulding box, 
2 – down-gate, 3 – reaction chamber, 4 – down moulding box, 
5- strain relief, 6 – sample for strength testing and probe for 
thermal analysis, 7 – cross-gate, 8- running gate 
 
Abrasive wear tested using Schopper machine by corundum 
abrasive disk at grainy 400 for parameters: 
  abrasive disk diametr  =0.158  m 
  abrasive disk revolutions  n = 14.1  r.p.m. 
  sample revolutions  n = 0  r.p.m. 
  holding down   F = 200  N 
  unit pressure for area of samples  N=3.9  MPa 
  working distance  l = 400  m A R C H I V E S   o f   F O U N D R Y   E N G I N E E R I N G   V o l u m e   1 0 ,   I s s u e   4 / 2 0 1 0 ,   1 0 9 - 1 1 4  111 
  running speed  v=0.12  m.p.s. 
Measurment of abrasive wear practiced by weight, determine loss 
in total weight with accurancy ± 0.0005 g by laboratory balance 
WA-21 manufactured in Zakład Mechaniki Precyzyjnej. 
Raw  alloy  AlSi7Mg  is  show  at  Fig.  2.  The  refinement  of 
primary dendrites of   phase was observed after the processing of 
the  AlSi7Mg  alloy  in  accordance  with  point  1  of  the  research 
design  (table  2),  i.e.  with  a  0.06%  share  of  all  mixture 
components (Fig. 3). The eutectic is composite with α-phase and 
needles β-phase. 
 
 
Fig. 2. Structure raw of AlSi7Mg alloy 
 
 
Fig. 3. Structure of AlSi7Mg alloy with point 1 of the research 
design (table 2) 
 
    
Fig. 4. Structure of AlSi7Mg alloy with point 2 of the research 
design (table 2) 
 
An increase in the quantity of NaNO3 produced relatively 
large-sized  oval  dendrites  of    phase  (Fig.  4).  The  observed 
eutectic was a fine needle-shaped structure with a high degree of 
furcation of eutectic   phase. When 0.2% Na2B4O7 and 0.06% 
components (mass of the processed alloy) were introduced into 
the  mixture,  a  further  refinement  of  the  eutectic  ( + )  was 
observed. The analyzed eutectic was transformed into a fibrous 
structure (Fig. 5). A significant refinement of primary dendrites of 
 phase was observed when the share of NaNO3 and Na2B4O7 
was  combined  in  the  mixture.  The  analyzed  eutectic  had 
a lamellar structure with a high degree of furcation (Fig. 6).  
The refinement of pointed dendrites of β phase on background 
 phase was observed after the processing of the AlSi7Mg alloy 
in accordance with point 5 of the research design (table 2) (Fig. 
7). 
When  0.06%  Na2B4O7,  0.2%  Mg  and  0.2%  NaNO3  were 
introduced into the mixture, a analogy eutectic ( + ) as at Fig. 2 
was observed. The size of arms of α phase was reduced (Fig.8).   
 
   
Fig. 5. Structure of AlSi7Mg alloy with point 3 of the research 
design (table 2) 
 
      
Fig. 6. Structure of AlSi7Mg alloy with point 4 of the research 
design (table 2) 
 
Similar structure was obtained after analogous introduction in 
place NaNO3, component Na2B4O7, Fig. 9. When the share of the 
analyzed components (Table 1) was increased to 0.2%, the result 
was  a  fine  needle-shaped  eutectic  (α+β)  in  the  interdendritic 
spaces of   phase (Fig. 10).  
The presence of NaNO3 in the mixture significantly affected 
modification, in particular eutectic (α+β) modification. A higher 
share of Mg in the mixture resulted in the refinement of primary 
dendrites of   phase. 
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Fig. 7. Structure of AlSi7Mg alloy with point 5 of the research 
design (table 2) 
 
     
Fig. 8. Structure of AlSi7Mg alloy with point 6 of the research 
design (table 2) 
 
 
Fig. 9. Structure of AlSi7Mg alloy with point 7 of the research 
design (table 2) 
 
Equation of Brinell hardeness regress (HB) for AlSi7Mg alloy 
with components: NaNO3 <0.06, 0.2> [%],   Na2B4O7 <0.06, 
0.2> [%], and Mg <0.06, 0.2> [%] shows at (2) and its graphic 
mould at Fig. 11. 
 
5 4 375 . 2 625 . 2 375 . 58 x x HB   (2) 
 
then: F=5.1, F1-p(f1, f2)=19.3, then equation (2) is adequate. 
       
Fig. 10. Structure of AlSi7Mg alloy with point 8 of the research 
design (table 2) 
 
The share of magnesium did not have a significant effect on 
the hardness of the AlSi7Mg alloy. Therefore, changes in alloy 
hardness for the entire research design could be presented in a 
single configuration. When the share of both significant factors 
(NaNO3 and Na2B4O7) was kept at a lower level (Table 2), the 
resulting hardness was 53 HB. When the share of NaNO3 was 
elevated, hardness increased by  11% to reach 59 HB. With an 
identical increase in the share of Na2B4O7, alloy hardness grew by 
8% to 57 HB. The highest hardness value equivalent to 63 HB 
was noted when both analyzed factors had a 0.2% share of the 
mixture. When each factor was analyzed separately with regard to 
its effect on changes in hardness, higher intensity was reported for 
NaNO3 (Fig. 11). 
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Fig. 11. Brinell hardness (HB) of AlSi7Mg alloy with 
NaNO3 <0.06, 0.2> [%], Na2B4O7 <0.06, 0.2> [%], 
Mg <0.06, 0.2> [%] 
 
Equation  of  abrassivewear  regress  (zs)  for  AlSi7Mg  alloy 
with components: NaNO3 <0.06, 0.2> [%],   Na2B4O7 <0.06, 
0.2> [%], and Mg <0.06, 0.2> [%] shows at (3) and its graphic 
mould at Fig. 12-17. 
 
6 5 4 01025 . 0 0105 . 0 014 . 0 36888 . 0 x x x zs   (3) 
 
then: F=1.9, F1-p(f1, f2)=19.3, then equation (3) is adequate. 
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Fig. 12. Abrasive wear (zs) AlSi7Mg alloy with 
Na2B4O7 <0.06, 0.2> [%], Mg <0.06, 0.2> [%], NaNO3=0.2% 
 
      Na   B   O     [%]
2     4     7
0.06
0.13
0.2
0.06
0.13
0.2
Mg  [%]
z
s
 
 
[
g
]
 
Fig. 13. Abrasive wear (zs) AlSi7Mg alloy with 
Na2B4O7 <0.06, 0.2> [%], Mg <0.06, 0.2> [%], NaNO3=0.06% 
 
 
When the share of NaNO3 was kept constant at 0.2% (Fig. 
12), and when the remaining two factors also had a 0.2% share of 
the mixture, abrasive wear reached zs=0.334 g. When the share of 
Na2B4O7 and Mg was reduced to 0.06%, abrasive wear increased 
by  12%  to  reach  0.376  g.  The  distribution  of  contour  lines 
indicates that Na2B4O7 and Mg had a comparable effect on the 
analyzed parameter. When the share of NaNO3 was kept constant 
at 0.06%, the lowest wear was reported for a higher share of the 
remaining factors (0.2%), reaching zs=0.332 (Fig. 13). The course 
of  changes  in  abrasive  wear  was  identical  to  that  presented  in 
Figure  12,  but  the  analyzed  parameter  yielded  slightly  lower 
values. When the share of Na2B4O7 was kept constant at 0.2% 
(Fig. 14) and the share of the remaining factors was also elevated, 
abrasive wear was determined at zs=0.34. When the share of both 
variable factors was lowered to 0.06%, wear increased by around 
15% to reach 0.383. The above demonstrates that regardless of the 
level of NaNO3 and Na2B4O7, the share of magnesium on (zs) has 
a comparable effect on abrasive wear. 
Changes in the share of borax had a more pronounced effect 
on the wear of the AlSi7Mg alloy than the variations in the level 
of NaNO3 (Fig. 12 and Fig. 13). When the share of NaNO3 and 
Mg  was  kept  low,  abrasive  wear  reached  zs=0.404.  When  the 
share of NaNO3 was maximized, average abrasive wear reached 
zs=0.375. With a similar modification in the level of Mg, a drop 
in abrasive wear to 0.383 g was noted. A comparison of the effect 
of NaNO3 and Mg on the abrasive wear of the AlSi7Mg alloy 
indicates  that  NaNO3  is  capable  of  inducing  more  intensive 
changes (Fig. 14, Fig. 15).  
When the share of Mg was kept constant at 0.2%, and the 
share of the remaining factors varied within the analyzed range 
(Table 2), abrasive wear was determined between 0.334 and 0.383 
g. At 0.06% NaNO3 and Na2B4O7, zs=0.383 g (Fig. 16). When the 
share  of  NaNO3  was  increased  to  0.2%,  abrasive  wear  fell  to 
0.355 g. With a similar change in the share of Na2B4O7, abrasive 
wear was lowered to 0.362 g. Abrasive wear was determined at 
zs=0.404 (Fig. 17) with a constant share of Mg reaching 0.06% 
and at lower levels of NaNO3 and Na2B4O7. When the share of 
NaNO3 was increased (0.2% of the mass of the processed alloy), a 
drop was noted in abrasive wear to 0.375 g. An identical change 
in the level of Na2B4O7 produced zs=0.383 g. The above suggests 
that changes in the Mg share of the mixture affect the abrasive 
wear  of  the  AlSi7Mg  alloy  without  changing  its  specific 
characteristics.  
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Fig. 14. Abrasive wear (zs) AlSi7Mg alloy with 
NaNO3 <0.06, 0.2> [%], Mg <0.06, 0.2> [%], Na2B4O7, =0.2% 
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Fig. 15. Abrasive wear (zs) AlSi7Mg alloy with 
NaNO3 <0.06, 0.2> [%], Mg <0.06, 0.2> [%], Na2B4O7=0.06% 
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Fig. 16. Abrasive wear (zs) AlSi7Mg alloy with 
NaNO3 <0.06, 0.2> [%], Na2B4O7 <0.06, 0.2> [%], Mg=0.2% 
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Fig. 17. Abrasive wear (zs) AlSi7Mg alloy with 
NaNO3 <0.06, 0.2> [%], Na2B4O7 <0.06, 0.2> [%], Mg=0.06% 
 
 
3. Conclusions 
 
  The effect of mixture components on the range of abrasive 
wear in AlSi7Mg alloy depends of their percentage. 
  Minimal abrasive wear zs=0.332 g may be achieved by using 
0.2% Na2B4O7, 0.06% NaNO3 and 0.2% Mg. 
  Maximal  Brinell  hardness  HB=63  HB may  be  achieved  by 
using 0.2% Na2B4O7, 0.2% NaNO3 and 0.06-0.2%Mg.  
  An  interesting  effect  was  noted  for  a  mixture  containing 
Na2B4O7 with Mg.  Further studies should be conducted on 
those components. 
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